We evaluated the longitudinal effects of single-dose simulation education with structured debriefing and verbal feedback on critical care nurses' endotracheal suctioning knowledge and skills. To do this we used an experimental design without other competing intervention. Twenty-four months after simulation education, no significant time and group differences or time × group interactions were identified between the study groups. The need for regularly repeated educational interventions with audiovisual or individualized performance feedback and repeated bedside demonstrations is evident.
1
Because of the risk of adverse effects, such as respiratory and hemodynamic alterations, infections, barotraumas, bronchospasms, and atelectasis, health care workers need to take all necessary precautions to ensure patient safety. [1] [2] [3] However, critical care nurses' knowledge and skills in adhering to current ETS guidelines seems to be insufficient. [4] [5] [6] 
METHODS
This randomized controlled trial was conducted to evaluate the longitudinal effects of single-dose simulation education with structured debriefing and verbal feedback on critical care nurses' ETS knowledge and skills. The study was conducted in a single academic center in a 22-bed adult, mixed, medical-surgical intensive care unit in Finland from February 2012-March 2014.
According to the Medical Research Act (488/1999 and amendments 295/2004), approval from the local ethics committee is not required for studies focusing on health care staff. However, the study protocol was approved by the relevant academic center during autumn 2011. In addition, written informed consent from randomly selected critical care nurses was obtained before inclusion in the study.
The sample size was determined through power analysis, which revealed that a sample size of 32 participants was required to detect a 20% difference between means (mean difference, 2.7 ± 2.7 points [α = 0.05 and power = 0.9]). 6 Further, we anticipated a 20% dropout rate, which led to a sample size of 20 participants per group. Participants were randomly allocated to intervention (n = 20) and control (n = 20) groups by the biostatistician using a computer-generated randomization list (allocation ratio, 1:1). Randomization was stratified into 2 age-based strata according to the median age of the study population (≤ 35 and > 35 years).
Simulation education and its evaluation process began with a brief (20 minutes) introduction to the simulation center (SimLab; Oulu University of Applied Science, Oulu, Finalnd) and mannequin (HAL; Gaumard, Miami, FL) capabilities followed by an actual simulated scenario (10 minutes). Postscenario, only the intervention group participated in a structured and standardized debriefing session (60 minutes) and received verbal feedback. Debriefing was carried out by 2 independent educators who specialized in simulation pedagogy and key areas (eg, recommended practices before, during, and after an ETS event). 1 The level of skills was evaluated using a validated 26-item highly structured ventilator bundle observation schedule. 7 If participants adhered to a recommended practice, they were assigned 1 point, yielding a skill score range from 0-26. The level of knowledge was evaluated at the end of each observation session using a validated 14-item ventilator bundle questionnaire, 7 which was distributed to participants by the blinded research assistant, who arranged an appropriate time and place to gather the responses. If a participant answered correctly, he or she scored 1 point, yielding a knowledge score range from 0-14.
Identical measurements were taken by the same trained and experienced observers. The baseline (initially before the intervention) and initial postintervention (3 months after the intervention) measurements were conducted in the high-fidelity simulation setting. In addition, the final follow-up measurements (6 and 24 months after the intervention) were conducted in real-life situations during the morning shift in clinical practice.
The repeatedly measured data were analyzed using a linear mixed model with a covariance pattern model. P values reported are as follows: P-time (Pt), the overall change over time; P-group (Pg), the average between-group difference; and P-time × group (Pt × g), the interaction between time and group. All participants were included in the groups to which they were originally assigned (intention-to-treat analysis).
RESULTS
Thirty of 40 initially randomized critical care nurses were enrolled in the baseline measurements, of whom 17 completed all study procedures (Fig 1) . Most participants were women (70.0%), often with a bachelor's degree (96.7%) and permanent employment (66.7%). However, a majority (53.3%) of participants had < 5 years of working experience.
After simulation education, the average knowledge score increased from 47.1% (6.6 ± 1.5 out of 14 points) to 54.3% (7.6 ± 1.4 points) of total score in the intervention group and from 39.3% (5.5 ± 2.2 out of 14 points) to 44.3% (6.2 ± 2.1 points) of total score in the control group. However, there was no significant change over time (Pt = .50), nor any time × group interactions (Pt × g > .9) between the study groups in the average knowledge scores.
After simulation education, the average skill score increased from 58.5% (15.2 ± 2.2 out of 26 points) to 65.0% (16.9 ± 1.6 points) of total score in the intervention group but decreased from 63.1% (16.4 ± 2.1 out of 26 points) to 62.7% (16.3 ± 1.9 out of 26 points) in the control group. Similar to the average knowledge scores, no significant time (Pt = .68) and group (Pg = .15) differences or time × group interactions (Pt × g = .27) were identified between the study groups in the average ETS skill scores.
DISCUSSION
Insufficient knowledge and nonrecommended practices were observed before and after ETS events both in a simulation and clinical settings. The lack of significant enhancement may have been attributable to the limited sample size; the number of dropouts was substantial.
In line with previous literature, 4-6 certain aspects of suctioning, such as assessment technique, pain management, suction pressure, and shallow suctioning, as well as nursing documentation (eg, color and consistency of secretions) and infection control practices (eg, hand hygiene and protection of patients, environment, and nurses from secretions) seem to require more reinforcement than others (eg, hyperoxygenation, duration of ETS event, and correct withdrawal). The need for regularly repeated educational interventions with audiovisual or individualized performance feedback and repeated bedside demonstrations is evident.
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CONCLUSIONS
Both groups had repeatedly low scores for current ETS guidelines as shown in the knowledge and skill scores. In addition, singledose simulation education with structured debriefing and verbal feedback was insufficient to change critical care nurses' knowledge and skills in adhering to current ETS guidelines.
